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A B S T R A C T
Purpose: Patient-reported seizure counts represent a key outcome measure for individual treatments
and clinical studies in epileptology. Video-EEG based research, however, demonstrated lack of validity
due to underreporting. Here we examined the practice of keeping seizure diaries and the patients’
attitudes toward seizure counting.
Methods: Anticipating a low return rate, a comprehensive survey was mailed to 1100 adult outpatients.
Besides methods and reasons to document or not to document seizures, the questionnaire addressed
clinical, personality and sociodemographic characteristics as well as the subjective experience of
seizures.
Results: Questionnaires from 170 patients (15%) could be included in our analysis. Patients estimated to
be aware of 5.3 out of 10 daytime seizures (nocturnal seizures: 2.6) while they supposed that relatives/
colleagues noticed 7.1 (nocturnal: 4.6). Almost two-thirds of the patients reported to keep a seizure diary
with a self-estimated documentation rate of 8.7 out of 10 noticed daytime seizures (nocturnal: 7.7).
Documenters and non-documenters showed only marginal group differences with regard to clinical,
personality and sociodemographic characteristics. Importantly, patients were more committed to keep a
seizure diary when they judged it to be relevant for clinical treatment decisions.
Conclusion: Patients appear to know that they underreport seizures. According to their view, seizure
unawareness as induced by seizures themselves seems to be a more important factor than omitting
documentation of noticed seizures. Thus, the potential to improve the validity of seizure diaries of
electronic devices which facilitate documenting noticed seizures appears limited.
 2015 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
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Seizures represent the key symptom of epilepsy and the primary
target of epilepsy treatment. To date, there is no feasible and
sufﬁciently sensitive technique for long-term outpatient registra-
tion of epileptic events, especially complex partial seizures. Like in
many other chronic conditions, epilepsy patients are therefore asked
to keep a seizure diary [1,2]. The relative reduction of the monthly
seizure frequency from baseline to follow-up calculated from§ One of the authors of this paper is a member of the current editorial team of
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1059-1311/ 2015 British Epilepsy Association. Published by Elsevier Ltd. All rights repatient seizure counts is accepted as a primary outcome in epilepsy
research; actually, some reports do not even mention that the
primary outcome relied on patient reports (e.g. [3–5]).
Several publications from the last 15 years, however, provided
unambiguous evidence that patient-reported seizure counts lack
validity due to underreporting [6–15,17,23–25,31]; for review see:
[1,11,16]. For instance, in one recent study using implanted
electrodes, patient-reported seizure documentation appeared
more or less unrelated to objective seizure records [7]. In a former
study of our own group, documentation accuracy was shown to be
speciﬁcally reduced for seizures which impair consciousness (i.e.
complex-partial seizures) or which occur during sleep [17]. In the
same study, daily reminders of keeping their seizure diaries had no
effect on the patients’ documentation accuracy indicating little
impact of motivation or carefulness. Incomplete seizure docu-
mentation rather resulted from seizure unawareness as induced by
the seizure itself. Accordingly, Poochikian-Sarkissian et al. [14]served.
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suffered from a seizure. One study which applied objective
recording (i.e. 24-h ambulatory EEG) even showed that patients
who claimed to be seizure free (and held a driving license) actually
were not [10]. Lack of validity of patient-provided seizure data
challenges established seizure freedom rates of epilepsy treat-
ments including epilepsy surgery as most outcome studies relied
on this measure (e.g. [18]).
Based on our clinical experience, we hypothesized that patients
might be aware of the fact that they are unaware of some of their
seizures. In the present questionnaire study we asked patients how
exactly they keep their seizure diaries; which attitudes toward
seizure documentation (or non-documentation) and which rea-
sons to (not-) document their seizures they have; how they
evaluate their own awareness of seizures and the rate of
documenting those noticed seizures; how they experience the
therapeutic relevance of their records; and whether they would
appreciate novel technical tools for easier documentation. In
addition, we explored effects of sociodemographic, personality and
clinical characteristics on the patients’ practice of and attitudes
toward seizure self-monitoring.
2. Material and methods
This non-interventional single-arm postal survey study was
carried out in accordance with The Code of Ethics of the World
Medical Association (2008) and approved by the Ethical Review
Board of the Medical Faculty at the University of Bonn (No. 067/14).
2.1. Subjects
At study onset (February 2014), we identiﬁed N = 1100
outpatients from our clinic who recently visited our department
(age: 20–70 years; for further details see Supplementary Methods).
Patients were asked only to enroll if they had experienced seizures
during the last year. No reimbursement was offered for study
participation. The large initial sample size was chosen because we
anticipated an overall low return rate due to presumably low
interest in this issue and an unknown percentage of currentlyTable 1
Sociodemographic, clinical and seizure characteristics.
Sample size 
Age at survey (years) 
Sex: male/female 
Academic achievement: high/medium/low 
Living alone/with parents/with own family/assisted/other 
Employment: employed/housewife (husband)/incapacitated
for work/age retirement/unemployed
Age at seizure onset 
Monthly frequency of ‘‘little’’ daytime seizuresb
Monthly frequency of ‘‘big’’ daytime seizuresb
Monthly frequency of ‘‘little’’ nocturnal seizuresb
Monthly frequency of ‘‘big’’ nocturnal seizuresb
Seizuresb,c: auras only/simple partial/complex-partial/grand
mal/drop attacks/absence seizure/other
Psychogenic seizures onlyb
Number of antiepileptic drugs 
Number of antiepileptic drugs: 0/1/2/3/4/5 
Epilepsy surgery 
Vagus nerve stimulation 
Annual frequency of doctor visits for epilepsy 
Annual number of days in hospital for epilepsy 
Annual number of emergencies due to epilepsy 
Evaluationa of treatment by local neurologist 
Evaluationa of treatment by epilepsy center 
a German grades: 1 = very good, 6 = insufﬁcient (‘‘ungenu¨gend’’).
b Patient-reported data.
c Multiple responses possible.seizure-free patients. The questionnaire was piloted in ten
inpatients; as no substantial changes were necessary after piloting,
data from these patients were also included.
2.2. Measures
The newly developed instrument (see Supplementary Material,
Attachments A/German and B/English) comprises sections addres-
sing socio-demographic and clinical data, personality, seizures
(daytime/nocturnal), and either seizure documentation or non-
documentation. Open-ended and closed-ended questions were
used. For measuring attitudes, 6-stepped Likert-scales (from
1 = rejection to 6 = full approval) or German school grades (from
1 = very good to 6 = very bad) were applied. Several items were
derived from questionnaires previously published by our group
[19–21]. In particular, the single most selective item from each of
the 18 scales of a comprehensive questionnaire on personality was
extracted [19].
2.3. Statistics
If appropriate, descriptive statistics were reported together
with 95% conﬁdence intervals (95% C.I.); 95% C.I. for relative
frequencies were estimated by bootstrapping (N = 1000 samples).
Group differences and correlations were assessed using parametric
(e.g. T-tests for dependent and independent samples, Pearson’s r)
and non-parametric tests (e.g. x2-test, Wilcoxon U-test, Mann–
Whitney U-test, Kendall’s t) according to the level and distribution
properties of the respective data. The signiﬁcance level was set to
a = 0.05 (two-sided). All statistical analyses were performed with
IBM1 SPSS1 Statistics (German release, version 22.0.0.0).
3. Results
We received surveys from 174 patients (return rate: 15.7%) but
four surveys ﬁlled-in inappropriately had to be excluded from
analysis. The sociodemographic, clinical and seizure character-
istics of the included patients are shown in Table 1. The sampleMean (standard deviation) [range]/frequencies
170
42.7 (13.7) [16–71]
74 (43.5%)/96 (56.5%)
57 (33.6%)/42 (24.7%)/71 (41.8%)
41 (24.6%)/23 (13.8%)/95 (56.9%)/5 (3.0%)/3 (1.8%)
77 (48.1%)/11 (6.9%)/44 (27.5%)/11 (6.9%)/17 (10.6%)
18.1 (14.6) [0–69]
11.0 (32.3) [0–300]
2.7 (13.4) [0–150]
3.7 (19.2) [0–200]
0.5 (1.4) [0–10]
52 (30.6%)/46 (27.1%)/48 (28.2%)/47 (27.6%)/21 (13.4%)/51 (30.0%)/34 (20.0%)
18 (10.6%)
2.5 (1.1) [0–5], Median: 2.0
4 (2.5%)/26 (16.1%)/59 (36.6%)/45 (28.0%)/19 (11.8%)/8 (5.0%)
28 (16.5%)
20 (11.8%)
3.7 (3.0) [0–18]
4.4 (8.8) [0–53]
1.0 (2.0) [0–18]
2.9 (1.6) [1–6]
1.8 (0.8) [1–5]
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tertiary epilepsy center. Patients who did not enroll on this study
were of same age as participants but the percentage of men was
slightly higher (50% versus 43%; x2df=1 = 3.034, P = 0.082). A
detailed examination of the recent medical records of 100 ran-
domly chosen non-participants obtained a seizure freedom rate of
40% at their last visit; thus, about 40% of the invited patients did
probably not fulﬁll the inclusion criteria raising the return rate for
eligible patients to 26%. Despite still low response the large
number of ﬁnally collected valuable datasets appears sufﬁcient for
scientiﬁcally informative evaluation.
3.1. Noticing seizures
Daytime seizures were reported by 157 patients (92%). The
reported mean monthly frequencies of ‘‘little’’ and ‘‘big’’ daytime
seizures are shown in Table 1; seizure severity was evaluated by
patients. About one quarter of the patients (28%) stated to never be
aware of any seizure; nearly half of the patients (47%) stated to
miss at least half of all their seizures (5 out of 10); one third of the
patients (35%) stated to notice each out of 10 seizures (mean
number of daytime seizures noticed by patient: 5.3 out of 10; 95%
C.I.: 4.1–6.5). Daytime seizures occurred with no or very rare
premonition in one third (32%) of the patients. During the seizure,
more than one third of the patients (36%) lost consciousness each
time while 39% of the patients always or very frequently
maintained consciousness. After a seizure, 28% of the patients
stated to need the clue of a seizure witness to become aware that a
seizure had happened whereas 92 out of 155 patients (59%) stated
to be aware of a seizure immediately thereafter. None, less than
half (<5 out of 10) or all of their daytime seizures were reported to
have been noticed by relatives or colleagues by rate of 15%, 42%,
and 39%, respectively (mean number of seizures noticed by
relatives/colleagues: 7.1 out of 10; 95% C.I.: 6.1–8.1). Sixteen
patients (12%; N = 134) stated to remain completely unaware of
their daytime seizures while relatives/colleagues noticed each
seizure.
Nocturnal seizures were reported by 131 of 170 patients (77%).
The reported mean monthly frequency of ‘‘little’’ and ‘‘big’’
nocturnal seizures was 3.7 (standard deviation: 19.1, median
0.0, range: 0–200) and 0.5 (standard deviation: 1.4, median 0.0,
range: 0–10), respectively. Thus, patients reported three times less
‘‘little’’ and ‘‘big’’ nocturnal than daytime seizures (Wilcoxon test,
total sample analysis; ‘‘little’’ seizures: U = 6.1, P = 0.000; ‘‘big’’
seizures: U = 3.8, P = 0.000). Nocturnal seizures were never
noticed by 68 out of 107 patients (64%); more than half of these
seizures (5 out of 10) went unnoticed in 79% of the patients; only
17% of the patients reported to be aware of 9 or 10 out of
10 nocturnal seizures (mean number of seizures noticed by
patient: 2.6 out of 10; 95% C.I.: 1.5–3.7). Before a seizure during the
night, 51% of the patients never woke up whereas 23% of the
patients woke up very frequently or always. During a nocturnal
seizure, 60% of the patients stayed unconscious or lost conscious-
ness whereas 23% of the patients maintained consciousness very
frequently or always. After the seizure, 42% reported to ﬁnd out
that they had a seizure not until the morning, while 38% of the
patients reported to be aware of a seizure immediately thereafter.
Not any nocturnal seizure, less than half of the nocturnal seizures
(5 out of 10), or all nocturnal seizures were reported to be noticed
by relatives by rate of 34%, 59%, and 31%, respectively (mean
number of nocturnal seizures noticed by relatives: 4.6 out of 10;
95% C.I.: 3.4–5.8). Thus, patients reported signiﬁcantly lower rates
of awareness for nocturnal versus daytime seizures for themselves
and for their relatives/colleagues (Wilcoxon tests, total sample
analysis; patients: N = 93, U = 4.7, P = 0.000; relatives/colleagues:
N = 88, U = 3.3, P = 0.001), probably contributing to the highernumber of reported daytime versus nocturnal seizures. Only for
nocturnal seizures patients assigned higher seizure detection rates
to their relatives (Wilcoxon tests, total sample analysis; N = 99,
U = 3.9, P = 0.000; daytime seizures: N = 134, U = 1.4, P = 0.170).
Only minor correlations were found to explain seizure
awareness; Table 2 shows all signiﬁcant correlations (Pearson’s
correlation coefﬁcient). Most correlations only explained what
patients meant by ‘‘noticing a seizure’’, e.g. experiencing a ‘‘certain
feel’’. Awareness for daytime seizures was correlated with
awareness for nocturnal seizures. Minor correlations with seizure
awareness were found for personality (positive: compulsiveness,
novelty/sensation seeking, and lack of drive and motivation) and
seizure related variables (negative: self-reported ‘‘grand mal’’
seizures, longer seizure duration). If seizure detection more
depended on physical ictal signs (e.g. enuresis), seizure awareness
was reported to be lower. Sociodemographic factors showed no
correlations with seizure awareness. Non-parametric correlational
analysis provided a similar pattern of ﬁndings.
3.2. Patients keeping a seizure diary
Hundred-four out of 170 patients (61%; 95% C.I.: 54–68%) stated
to keep seizure diaries; thereby, 78% of these patients keep the
diary themselves (parents: 13%, spouse/partner: 13%, guardians:
3%; in some cases, patients were only assisted). The mean time of
keeping the diary was 11.6 years (standard deviation: 12.2,
median: 6.0, range: 0–50 years). Main reasons for documenting
seizures were (sorted by percentages): keeping track of seizures
(92%), following doctor’s instruction (51%), ﬁnding seizure triggers
(43%), evaluating recent drug change (24%) and following third-
party instruction (6%; other individual reasons: 18%). For 77% of
the documenters, documenting seizures was important or very
important and 34% are engaged with their entries frequently or
very frequently. Patients stated to use printed seizure calendars
(57%), sheets of paper or notepads (25%), personal computers (12%)
and smart phones (6%); several patients would appreciate
technical support by computer software (32%), telephone (23%),
or smart phone applications (28%). Half of the patients stated to use
different symbols to document different kinds of seizure events
(2 symbols: 43%; 3 symbols: 37%). Patients also reported to
document further potentially relevant information like drug intake
(47%), possible situative seizure triggers (35%), or menstruation
(34% of women); however, two-thirds of the patients (63%) stated
not to document pure auras. Only 5% of the patients reported to
ﬁnd it difﬁcult to document their seizures whereas 80% found their
system very easy or easy. Documenting a seizure required 2 min at
average (median; mean: 3.0, standard deviation: 3.9, range:
0–20 min; N = 89). Patients reported to record a seizure directly
after recovery (41%), directly after the seizure (36%), in the evening
of the respective day (18%), after they were informed of a seizure
by other persons (16%), or at another day (13%); one patient
admitted to document seizures only before a doctor’s appoint-
ment. Most patients (79%) always or very frequently carry their
seizure diary to a doctor’s appointment and the doctor’s checking
of the diary entries lasted 5.0 min (median; mean: 9.8, standard
deviation: 10.7, range: 0–45 min). About one half of the
documenters (51%) reported that the seizure diary provided
valuable information for the doctor’s treatment decision making.
Most patients (79%) stated that they would document 10 out of
10 daytime seizures which they became aware of (by any means)
whereas 13% of the patients stated to document less than half of
noticed daytime seizures (5 out of 10; mean documentation rate
for noticed seizures: 87%; 95% C.I.: 79–95%). For nocturnal seizures,
65% of the patients claimed complete documentation of noticed
nocturnal seizures and 28% of the patients documented less than
half of noticed nocturnal seizures (mean documentation rate: 77%;
Table 2
Awareness of daytime seizures in patients: signiﬁcant parametric correlations
(P < 0.05).
Item Pearson’s r (P < 0.05)
Item score  number of
daytime seizures noticed
by patient (out of 10)
Items explaining what patients mean by ‘‘noticing a seizure’’ (positive)
Immediately after a daytime seizure I am
aware, that I had one.
0.492
I am conscious during a daytime seizure. 0.483
I experience an Aura before having a
daytime seizure.
0.467
I am able to react just before a daytime
seizure takes place (e.g. sitting down).
0.439
I detect a daytime seizure by a ‘‘certain
feeling’’.
0.323
In spite of the daytime seizure, I am able to
act properly, I am in control.
0.283
Non-documenters: number of daytime
seizures I would record (out of 10 noticed
seizures).
0.320
Number of daytime seizures recorded by
patient (out of 10 noticed seizures).
0.307
I try to repel a beginning daytime seizure. 0.264
Items explaining what patients mean hcarriage returni by ‘‘noticing a seizure’’
(negative)
I only ﬁnd out about daytime seizures later. 0.467
I only notice daytime seizures when
someone gives me a clue.
0.431
I detect daytime seizures by injuries caused
by the seizure.
0.369
I detect daytime seizures by emesis
occurring during a seizure.
0.216
I detect daytime seizures by enuresis or
encopresis occurring during a seizure.
0.172
Awareness for nocturnal seizures
Number of nocturnal seizures noticed by
patient (out of 10).
0.415
When a nocturnal seizure takes place, I am
conscious.
0.342
I am able to react just before a nocturnal
seizure takes place (e.g. calling for help)
0.330
In spite of a nocturnal seizure, I am able to
act properly, I am in control.
0.274
Immediately after a nocturnal seizure I am
aware, that I had one.
0.272
I experience an aura before having a
nocturnal seizure.
0.253
I wake up before a nocturnal seizure. 0.221
I only notice nocturnal seizures when
someone gives me a clue. (negative)
0.362
I detect nocturnal seizures by injuries
caused by the seizure. (negative)
0.336
I detect nocturnal seizures by enuresis or
encopresis occurring during seizures.
(negative)
0.245
Experiences with keeping a seizure diary (positive)
I myself am keeping the seizure calendar. 0.277
I am also documenting auras. 0.294
My doctor relies on my verbal report
without checking my seizure calendar.
0.259
It is important to me to record my seizures. 0.220
Experiences with keeping a seizure diary (negative)
I am not keeping a seizure diary because I
do not notice my seizures.
0.418
I am keeping a seizure diary because my
drugs have changed.
0.241
My doctor has criticized me concerning my
seizure calendar.
0.225
Usually I am recording a seizure after
someone informed me that I had one.
0.232
I ﬁnd it difﬁcult to document a seizure. 0.232
Personality (positive)
Compulsiveness 0.253
Novelty and sensation seeking 0.177
Table 2 (Continued )
Item Pearson’s r (P < 0.05)
Item score  number of
daytime seizures noticed
by patient (out of 10)
Loss of drive and motivation 0.169
Patient-reported semiology (negative)
Seizure type: grand mal 0.226
Number of minutes a daytime seizure is
lasting.
0.218
Hope for improvement (negative)
Improvement is possible with regard to
diminished sexual appetite/erectile
dysfunction.
0.226
Improvement is possible with regard to
antiepileptic drug side-effects.
0.210
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seizures were: failure to immediately document and later
forgetting (59%); struggling with and non-acceptance of seizure
(25%); not being in the right mood (10%); diary or pen could not be
located (3%).
Table 3 shows parametric correlations between the commit-
ment to document seizures and other recorded variables. Again,
the strongest correlations were found for items illustrating the
meaning of ‘‘importance of documenting seizures’’, e.g. engage-
ment in examining diary entries. Committed documenters needed
less effort to document seizures, reported more positive experi-
ences with utilization of provided data by their doctor and higher
treatment satisfaction. They also showed slightly higher subjective
seizure awareness (r < 0.30), higher number of AEDs and higher
age. In contrast, patients with psychogenic seizures only, more
‘‘little’’ nocturnal seizures, higher novelty/sensation seeking, better
impulse control, and more aggression reported slightly lower
commitment to seizure documentation. Non-parametric correla-
tional analysis provided a similar pattern of ﬁndings.
3.3. Patients not keeping a seizure diary
On the basis of reports of patients keeping a seizure diary the
overall percentage of documented seizures can be estimated
(Fig. 1). As 71% (95% C.I.: 61–81%) of all daytime seizures were
reportedly noticed by relatives/colleagues and 87% (95% C.I.: 79–
95%) of those noticed seizures were documented in the diary, 62%
(95% C.I.: 48–77%) of all daytime seizures were ﬁnally reported by
the diary. Based on the same rationale, the respective estimate for
nocturnal seizures calculates as 35% (95% C.I.: 23–50%). Documen-
tation rates would even be lower if seizure detection relied on
patients instead of relatives/colleagues. Of note, in the absence of
any objective evaluation of seizures or diary entries these estimates
only represent the patients’ overall subjective evaluation.
The rate of non-documenters was 39% in our sample (N = 66).
The main reasons for not keeping a seizure diary were (sorted by
percentages): recording would be forgotten anyway (42%); no
effect on treatment expected (39%); number and time of seizures is
known anyway (32%); just not wanting to (29%); not wanting to
pay too much attention to seizures (20%); unawareness of seizures
(19%); not wanting to know the exact number of seizures (17%);
doctor did not instruct patient (16%) or was uninterested (11%);
patient never heard of seizure diaries (8%). Ten patients indicated
that they kept a seizure diary in earlier years but gave it up later on
(for similar reasons as stated above). A similar percentage of non-
documenters as documenters showed interest in technical support
by computer software (34%), telephone (25%), or smart phone
applications (30%).
Table 3
Subjective importance of seizure documentation: signiﬁcant parametric correla-
tions (P < 0.05).
Item Pearson’s r (P < 0.05)
Item score  importance
of documenting seizures
Items explaining what patients mean by ‘‘It is important to me to document
seizures’’
I am engaged in the entries of my seizure
calendar.
0.542
Number of daytime seizures recorded by
patient (out of 10).
0.528
Number of nocturnal seizures recorded by
patient (out of 10).
0.310
I am keeping a seizure diary to keep track of
my seizures.
0.316
Duration of keeping a seizure calendar
(years).
0.275
I am keeping my seizure calendar myself. 0.245
Effort to document seizures (negative)
Number of minutes it takes, to make a note of
a seizure.
0.286
How does your seizure recording grab you? 0.256
Utilization of seizure documentation
I carry my seizure calendar with me to the
appointments.
0.385
My seizure recordings have often added
important information for further therapy.
0.385
My physician is interested in my seizure
recordings.
0.278
My physician has criticized me concerning
my seizure calendar.
0.307
Marks for treatment via local neurologist
(1 very good . . . 6 bad).
0.257
Seizure awareness
I detect daytime seizures by feeling unable to
work.
0.267
I detect daytime seizures by a certain feeling. 0.258
Number of daytime seizures noticed by
patient (out of 10).
0.220
I detect daytime seizures by feeling confused. 0.220
Duration of aura before daytime seizures (s). 0.291
Patient-reported semiology
Psychogenic seizures only 0.239
Number of little seizures during the night per
month
0.215
Number of antiepileptic drugs 0.199
Personality
Novelty/sensation seeking 0.244
Impulse control 0.219
Aggression 0.214
Sociodemographic variables
Age 0.226
Fig. 1. Estimated rates of reporting and underreporting seizures. Shown are the
estimated percentages of unnoticed, noticed but not documented, and documented
daytime and nocturnal seizures. Percentages are given separately for daytime and
nocturnal seizures (dotted line); the percentages of daytime versus nocturnal
seizures were derived from Hoppe et al. [17]. For rates of seizure documentation
95% conﬁdence intervals are given (square brackets). The overall rate of
underreporting was about 50% of all seizures (solid line). Of note, these
estimates represent subjective patient evaluations.
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We found only marginal group differences between documen-
ters and non-documenters indicating that unknown and random
factors triggered the decision to keep or not to keep a seizure diary.
As compared to non-documenters, documenters used slightly more
antiepileptic drugs (mean: 2.6 versus 2.2; U = 2.437, P = 0.015);
reported less ‘‘big’’ daytime seizures (mean: 2.0 versus 4.3;
U = 2.352, P = 0.019); more often reported to have simple partial
seizures (36% versus 19%; x2 = 4.892, df = 1, P = 0.027); had slightly
more annual consultations with their local neurologist (mean:
4.1 versus 3.1; U = 1.959, P = 0.050) and at our department (mean:
2.1 versus 1.7; U = 2.307, P = 0.021). They also assigned higher
daytime seizure detection rates to their relatives/colleagues (mean:
6.9 versus 4.7 out of 10; Mann–Whitney test, U = 3.218, P = 0.001)
and more often stated to experience ictal emesis in nocturnalseizures (11% versus 0%; x2 = 4.053, df = 1, P = 0.044) while being
less frequently conscious during nocturnal seizures (mean:
2.0 versus 2.9; U = 2.144, P = 0.032). No group differences were
found for evaluation of current treatment, emotional well-being,
cognitive complaints or hopes for improvement of the condition. As
regards personality, documenters showed less emotional lability
(scale from 1 = low to 6 = high; mean: 3.0 versus 3.6; U = 2.107,
P = 0.035), slightly less ‘‘belief in having paranormal skills or senses’’
(mean: 3.6 versus 3.9; U = 3.134, P = 0.002) and, as a non-
signiﬁcant trend, higher compulsiveness (mean: 4.0 versus 3.6;
U = 1.677, P = 0.094). Finally, documenters were slightly older
(Mann–Whitney U-test, U = 2.071, P = 0.038), had lower academic
achievement (lower secondary education/middle school, 64% versus
39%; higher education/graduated from university, 22% versus 42%;
x2 = 13.799, df = 6, P = 0.032), were unemployed more often (58%
versus 41%; x2 = 4.694, df = 1, P = 0.030) and more often lived
together with others (81% versus 66%; x2 = 4.964, df = 1, P = 0.032).
4. Discussion
Patient-reported seizure counts represent the key measure for
individual treatment and clinical research in epileptology ([1,22]).
We examined the validity of this measure from the patients’ view
and found good agreement with ﬁndings of several previous video-
EEG based studies, both indicating that patient underreport
seizures. Seizure-induced seizure unawareness might be an impor-
tant contributing factor.
4.1. Underreporting of seizures
Our ﬁndings show that patients, as a population, are aware of
the inherent difﬁculties to completely record their seizures,
irrespective of motivation. We estimated an overall seizure
documentation rate of 2/3 for daytime seizures and 1/3 for
nocturnal seizures in documenters which is consistent with
several previous video-EEG based studies ([10,14,15,23–25])
including our own study [17].
Objectively, epileptic seizures are equally distributed over day
and night; in our former study, 44% of all recorded seizures
occurred during sleep [17]. In the present study patients reported a
three-fold higher frequency of daytime seizures possibly due to
increased underreporting of nocturnal seizures. Importantly, this
B. Blachut et al. / Seizure 29 (2015) 97–103102ﬁnding implies that patients report noticed seizures without
correction for unnoticed seizures although they are aware of
unnoticed seizures.
Lack of validity of patient-reported seizure not only concerns
the absolute numbers of reported seizures (including reports of
seizure freedom) but also the %-change of monthly seizure
frequency over time (except 100%-reduction) as unchanged
documentation accuracy over time appears as a bold assumption
(especially if the number of seizures is low) and as any evaluation
is made invalid by including reports of 100%-reductions (for
the arithmetics behind see Supplementary Attachment C). Thus, in
contrast to the consensus of the respective NINDS-conference [1],
we conclude that seizure underreporting seriously challenges
established methods of therapy evaluation in epilepsy.
4.2. Seizure-induced seizure unawareness
In the patients’ eye, seizure-induced seizure unawareness is the
most important cause of underreporting. Only 1/3 of the patients
reported to be aware of all their daytime seizures while another
1/3 of the patients stated not to notice any of their daytime
seizures. Less than 20% of the patients stated to notice 9 or 10 out of
10 nocturnal seizures and 2/3 of the patients assumed not to be
aware of any nocturnal seizure. Of note, none of our patients stated
to become aware of a preceding gap of consciousness in their most
recent past (which somehow reminds of the concentric ‘‘ﬁlling-in’’
of the retina’s blind spot by the visual system). Our ﬁnding is in line
with a recent video-EEG based study showing that many patients
are unable to recognize that they had a seizure when asked shortly
thereafter [14].
As in our former study [17] being awake at seizure onset
strongly improved seizure awareness. Evidently, daytime seizures
are also more likely to be detected by relatives or colleagues.
Personality factors could not explain seizure awareness and no
correlation could be found for sociodemographic characteristics
including academic achievement. In documenters, the correlations
between seizure awareness and commitment to the seizure diary
were remarkably low. In consequence, we found no factor which
could serve as a starting point for a behavioral training in improved
seizure awareness.
4.3. Keeping a seizure diary
Despite being aware of partial seizure unawareness, most
patients from our sample were somehow documenting their
seizures. However, we found only minor group differences
between documenters and non-documenters with regard to
clinical, seizure-related, personality or sociodemographic char-
acteristics. For example, more educated and employed patients
showed a slight tendency toward deciding against keeping a diary
and patients with more novelty/sensation seeking, better impulse
control, and higher aggression showed less commitment to the
seizure diary. Unexpectedly, compulsiveness and clinical char-
acteristics such as seizure awareness had only marginal effects on
the decision to keep or not to keep a diary. In sum, this decision
mostly relies on unknown and random factors.
Commitment to seizure documentation turned out to be
strongly correlated with the doctors’ behaviors. Doctors consider-
ing the provided data, taking sufﬁcient time to analyze and discuss
the diary, and evidently using this information for therapeutic
decision making, strongly reinforced patients on keeping a seizure
diary and thereby also improved the patients’ treatment satisfac-
tion. However, only half of the documenters reported that the
seizure diary had ever contributed to treatment decisions and
about 40% of the non-documenters did not expect any effect on
their treatment.Of note, omitting documentation of noticed daytime seizures
appears as a minor problem as 80% of the patients claimed to be
perfect documenters of noticed seizures (65% for nocturnal
seizures). Most documenters stated to use a fail-safe system
which they found easy and fast. Consistent with the generally high
acceptance of electronic diaries [26–28], about 1/3 of the patients
(including non-documenters) showed interest in technical devices
which promise to facilitate keeping a diary (e.g. computer
software, telephone-based devices or smart phone applications)
and about 20% of the documenters were already keeping electronic
diaries. However, using electronic instead of paper diaries must not
necessarily be cost-effective as recently shown for asthma [29] and
as electronic devices (e.g. smart phone apps such as My Epilepsy
Diary; [30]) can only facilitate documenting noticed seizures they
have little potential to improve the validity of patient seizure
counts.
4.4. Limitations
We are aware of several limitations of this study. Though
anticipated, the return rate was low. Unfortunately, we could not
exclude that the postal sample included about 40% of patients who
did not fulﬁll the inclusion criteria as they were seizure free during
the last months. In addition, we suppose that the motivation of
patients to deal with the issue of seizure documentation and to ﬁll
in an extensive questionnaire was low. However, if there were a
selection bias for participating patients this bias would probably
have worked in favor of a positive evaluation because patients being
even more skeptical toward seizure counting were less likely to
participate. Thus, our present report on the patients’ critical view
of the seizure diary is unlikely to overstate the issue of low validity
of this instrument.
Obviously, patients are dealing with a paradox when they are
asked to quantify something they are unaware of. In fact, we do not
know the psychometric properties (i.e. reliability, validity) of such
items as ‘‘How many out of 10 daytime seizures will you notice?’’
or ‘‘How many out of 10 noticed seizures will you document?’’ The
numbers given by the patients represent a subjective rating and,
therefore, the overall percentages of documented and undocu-
mented seizures as calculated from this data (Section 3.3, Fig. 1)
represent a gross estimate summarizing the patients’ subjective
view. There was no objective measure to assess their true rate of
documentation (as patients diaries were not reviewed), and no
objective measure of their seizures (EEG) was employed to assess
their true awareness of seizures. Also family observations were
from the patient’s standpoint.
Finally, though our ﬁndings were not suggestive for promising
behavioral interventions, this non-interventional study does by no
means exclude the possibility to improve seizure awareness and
seizure documentation accuracy by novel patient education
programs or innovative technical support.
5. Conclusion
Many patients are aware of seizure-induced seizure unaware-
ness explaining underreporting and low validity of their seizure
counts. Novel devices which only facilitate documentation of
noticed seizures will not solve this issue as omitting documenta-
tion of noticed seizures represents a minor problem. Our ﬁndings
underline the need of feasible ambulatory techniques for the
objective detection and registration of seizures.
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